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MODEL OF DOUGLAS D- 558 -II RESEARCH AIRPLANE 
Ry William B. Kemp, Jr., and Thomas J. King, Jr. 


SUMMARY 


Exploratory measin-ements have been made of the fluctuations of wing 
bending moment during normal performance and stability wind-tunnel tests 
of a model of the Douglas D-558-II research al2T>lane at Mach numbers from 
0.60 to 0.96. The effects of leading-edge chord-extensions and several 
pylon-mounted underwing external stores were Investigated. 

Analysis of the measurements indicated that the standard deviation 
of the wing bending moment was a qualitative indication of buffeting 
intensity. Quantitative application of the measurements was limited by 
model response in vibration modes having no counterpart in flight and by 
possible effects of model structural damping. 

The addition of leading-edge chord -extensions caused practically no 
change in the buffet bo\ondary but caused an appreciable increase in model 
biof feting response at angles of attack well above the buffet boundary. 

The addition of any of the external stores caused only small changes in 
model buffeting response at positive angles of attack but caused notice- 
able increases in response at negative angles of attack. This comparison 
might be influenced by the effect of store mass on the frequency and shape 
of the model vibration modes. The horizontal tail did not contribute 
significantly to the bxif feting response measured on the wing. 


INTRODUCTION 


In order to give due consideration to the phenomenon of buffeting 
in the preliminary stages of aircraft design, the designer must have 
information on the effects of many types of changes in aircraft configu- 
ration on the extent of the flight regime in which buffeting is encountered 
and on the magnitude of the buffeting loads. The task of providing this 
information would appear much simpler to perform in a wind tunnel them in 
flight tests if a method of obtaining quantitative buffeting measurements 
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on a vind-tunnel model were available . The amplitude of fluctuation of 
the wing root bending moment was selected as a parameter which would indi- 
cate the presence and magnitude of buffeting on a conventional wind-tunnel 
model with some hope of q^uantitative application to flight conditions. 

In order to study the behavior of this parameter, some exploratory 
measurements of fluctuations of wing root bending moment were made in 
December 1955 during conventional drag and stability tests of a model of 
the Douglas D-558-II research airplane. The measiirements were made at 
high subsonic speeds with the model in the clean configuration, with 
leading-edge chord -extensions, and with several underwing-extemal-store 
configurations. It should be emphasized that measurement of the bending- 
moment fluctuations was considered a secondary purpose of these tests 
and, consequently, neither the model design nor the test program were 
influenced by consideration of the fluctuation measurements. The drag 
and stability results of these tests are reported in reference 1. 

In reference 2 the suggestion was made that b\xffeting be considered 
the linear response of an aerodynamically damped elastic system to an 
aerodynamic excitation which is a stationary random process. This concept 
was extended in reference 5 to the development of scaling relations which 
were used in a brief correlation of wind-tunnel and flight buffeting meas- 
urements on two airplanes . Some of the wind-tunnel measurements used were 
taken from the investigation reported in this paper. 

The work of reference 3 establishes the significance of wind-tunnel 
buffeting measurements such as those made on the D-558-II model. The 
present paper was prepared, therefore, to report all the buffeting meas- 
urements made during the wind-tunnel tests of the D- 558 -II model and to 
discuss the interpretation of these measurements in the light of ciarrent 
knowledge about buffeting. 
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horizontal tail incidence from fuselage reference line, deg 
Mach number 

free-stream static pressure, Ib/sq ft 
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Reynolds number, based on wing mean aerodynamic chord 
wing area, sq ft 
stagnation temperature, °F 
free-stream velocity, ft/sec 

angle of attack of fuselage reference line, deg 

incremental fluctuation of airplane normal-force coefficient 
due to biaf feting 

mass density of air, slugs/cu ft 

standard deviation of wing bending moment (root-mean-square 
deviation from the mean) , in-lb 


DESCRIPTION OF MODEL 


A three-view drawing of the model giving the basic geanetric charac- 
teristics is presented in figure 1. Photographs showing the model 
installed in the Langley high-speed 7- hy 10-foot tunnel in the clean 
configuration and with one arrangement of external stores are presented 
in figures 2(a) and 2(b), respectively. There were some differences 
between the model and the Douglas D-558-II airplane which included an 
enlarged rearward portion of the model fuselage to allow attachment of 
a sting support and a model wing-tip thickness ratio of 10 percent instead 
of 12 percent. The model did not include the wing fences normally used 
on the airplane. 
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The model components were machined from solid dviralumin with the 
exception of the steel fuselage nose, wooden canopy, and brass vertical 
tail. Each wing panel and an appreciable portion of the fuselage midsec- 
tion were machined as a unit. The bolted connections between these parts 
and the remainder of the fuselage were so designed that the structvire 
between the wing panels was highly rigid and presented little opportunity 
for relative motion between parts. 

Figure 5 gives dimensions of the leading-edge chord-extensions which 
were installed for some tests. Details of the external stores investi- 
gated are presented in figure 4. Each store installation consisted of 
two identical stores located symmetrically from the plane of symmetry at 
0.6l semispan. The stores were of two different shapes (ordinates in 
table I) that were scaled to produce three sizes of one shape (designated 
stores A, B, and C) and one size of the other (designated store D). The 
shape of stores A, B, and C, which will be referred to as the short- 
cylinder shape, is that developed by the Douglas Aircraft Company, Inc., 
and is frequently referred to as the DAC store shape. The shape of 
store D, which will be called the long-cylinder shape, was developed by 
the Wright Air Development Center and is frequently referred to as the 
WADC store shape. The stores and the store fins using the short -cylinder 
shape are l/l6-scale models of a full-scale 1,000-pound bomb (store A), 
a 2,000-pound bomb (store B), and a 150-gallon fuel tank (store C). The 
long-cylinder store (store D) had the same length and fin dimensions as 
store A; but, because of a somewhat larger diameter and different profile 
development, the long-cylinder shape had a greater vol\me. 

The details of the pylons investigated are presented in figure 5* 

The pylons were identical in sweep and chord length, but differed in 
cross-section profile. The pylons are identified by their streamwise 
thickness ratios as the 7.6-percent pylon, the 6.2-percent pylon, and 
the 4.2-percent pylon. All the pylons had midchord sections with parallel 
sides. The 7.6-percent pylon had a shorter midchord section than either 
the 6.2- or the 4.2-percent pylons. The thickness distributions of the 
6.2- and 4.2-percent pylons differed only by a constant factor. Ordinates 
of the pylons are given in figure 5- The stores and the pylons were made 
of solid brass. 

The model was mounted on a six-component strain-gage balance located 
within the fuselage. The model-balance combination was supported by a 
sting mounting system (fig. 2) that attached to the balance through the 
base of the fuselage. 
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The following weights of the various model components were tabulated: 


Con5>onent 

Weight, lb 

Fuselage and tail siurfaces 

27.83 

Strain -gage balance 

4.81 

One wing panel (exposed) 

1.12 

One store A 

.83 

One store B 

1.77 

One store C 

2.89 

One store D 

1.16 

One 7 • 6-percent pylon 

.23 

One 6.2-percent pylon 

.24 

One 4. 2 -percent pylon 

.16 


The natural frequencies of several of the major vibration modes of 
the model and support system were measured for the clean model without 
stores or leading-edge chord-extensions. These measurements were made 
with the model, balance, and sting attached to a support system having 
different elastic properties from the support system in the tunnel. In 
particular the vertical stiffness of the tunnel support was greater than 
that of the support used for the frequency measirrements . The measured 
natural frequency of the vertical sting bending mode was 11 cps. It is 
estimated that the natural frequency of this mode with the tunnel support 
system was of the order of 15 cps. The following measured natural fre- 
quencies tabulated for other vibration modes were probably not appreciably 
affected by the difference in sting-support elasticity: 


Mode 

Natural frequency, cps 

Rigid body pitching 

34 

Rigid body yawing 

35 

Rigid body rolling 

81 

First wing bending 

196 

Second wing bending 

281 


The rigid-body modes were predominantly associated with balance elasticity. 


INSTRUMENTATION AND TESTS 


The instrumentation used for measurement of the static aerodynamic 
forces and moments was conventional. A six-component internal strain-gage 
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balance was connected to the balance readout system usually used for 
static tests in this tunnel. 

For the bxiffeting measurements, strain gages were installed in 
shallow pockets machined in the upper and lower sxnrfaces of each wing 
at the location shown in figure 3- The two gages on each wing formed 
the two active arms of a bridge capable of sensing wing bending moment 
about an axis approximately normal to the 50 -percent-cho^ line. The 
output of each bridge was fed into an amplifier which eliminated the 
direct-current component of the signal and had a response which was flat 
within ±1 percent from 10 to 2,000 cps and within ±5 percent from 5 to 
5 000 cps. The root-mean-square value (standard deviation) of the 
resulting signals were measured with thermocouple meters. A qualitative 
indication of the time constant of the thermocouple meters is obtained 
from the observation that after application of a constant amplitude input 
signal, about 10 seconds were required to obtain a steady reading. The 

amplifier thermocouple-meter combinations were calibrated by using 

20-cps and lOO-cps alternating -voltage inputs. The calibrations were 
found to be independent of frequency. The strain gages, however, were 
calibrated with only static loadings and the calibrations thus obtained 
were assumed to apply to the dynamic buffeting load.s . The strain-gage 
calibrations indicated that the actual bending-moment axis was normal 
to a line having about 4° greater sweep angle than the 50 -percent -chord 
line. 


For some test conditions, oscillograph records were maxie of the time 
history of the strain-gage outputs. The frequency response of the recorder 
was approximately flat below 500 cps. No calibration of the relation 
between wing bending moment and oscillograph displacement was made. 

The tests were made in the Langley high-speed 7- by 10-foot tunnel 
at Mach numbers from 0.60 to 0.9^. This tunnel is a closed return type 
with a closed test section and operates at essentially atmospheric stag- 
nation pressure. The tunnel is cooled by an air exchange system. A 
series of foirr fine-mesh turbulence -dancing screens are installed in the 
settling chamber ahead of the entrance cone. Representative values of 
static pressure, dynamic pressure, stagnation temperature, velocity, and 
Reynolds number are given for each test Mach number in table II. 


RESULTS AND DISCUSSION 


General Nature of Buffeting Measurements 

An example of the data obtained from the wing-bending-moment gages 
is shown in figure 6. The standard deviation of the wing bending moment 
is plotted against angle of attack for the complete model without stores 
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or chord-extensions at a series of Mach numbers. Measurements from both 
wing panels are plotted on the same axes. 

Each reading was made by visually averaging the indication of the 
thermocouple meter over a period of several seconds. The readings for 
the two panels were made in sequence rather than simultaneously. Even 
so, the point-to-point trends of the bending -moment fluctuations are 
remarkably similar for the two panels. This fact apparently indicates 
that the buffeting process was sufficiently stationary and that the 
data sample made use of by the instriomentation was sufficiently long for 
the readings to be fairly reliable indications of the magnitude of the 
bending -moment fluctuations. Some consistency is apparent in the small 
differences between the readings for the two panels which could have 
been produced by asymmetry in the model structural characteristics or 
by Inaccuracies in calibration of the strain gages or associated circuits. 

The variations of bending-moment fluctviations with angle of attack 
plotted in figure 6 are characterized by a region of small fluctuations 
at low angles of attack, a region of rapidly increasing fluctuations at 
moderate angles of attack, and a region of large fluctuations at high 
angles of attack. The fluctuations at low angle of attack are probably 
not associated with buffeting and may be attributed to airstream roughness 
and stray electrical and vibrational pickup in the strain-gage wir in g and 
amplifier circuits. 

At moderate and high angles of attack, the large values of fluctua- 
tions of wing bending moment imdoubtedly originated primarily on the 
model and are therefore an indication of the model response to buffeting. 
The contribution of airstream roughness and stray pickup to the bending- 
moment fluctuations at high angles of attack is judged to be of minor 
importance in view of the low level of fluctuations measirred at low angles 
of attack. Of course, the existence of these fluctuations at low angles 
of attack, in even the small degree present in these tests, lends diffi- 
culty to the determination of the angle of attack for onset of buffeting 
or buffet boundary. For these tests, the bijffet boimdary will be con- 
sidered to be the point at which the bending-moment fluctuations begin 
to increase from their low angle-of -attack level. This point is probably 
somewhat higher than the actual buffet onset boundary which would be 
determined in smooth air. 

Comparison of the buffeting measurements in figure 6 with the lift 
curves reproduced from reference 1 in figure 7 indicates that the initial 
buffeting was observed at about the angle of attack corresponding to the 
initial reduction in lift-curve slope. This result is consistent since 
both buffeting and reduction of lift-curve slope would be expected to 
result from flow separation on the wing. 
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The normal-force coefficient corresponding to the buffet boundary 
is compared in figure 8 with flight-determined buffet boundaries for the 
D-558-II airplane published in references 4 and 5. The model buffet 
boundary appears to be too low at the lower speeds and too high at Mach 
numbers between O .85 and O. 95 . Possible contributions to these discrep- 
ancies include differences in Reynolds number and wing-tip airfoil thick- 
ness between the model and airplane. Another contribution may be the 
lag in establishment of or recovery from separated flow in the fairly 
rapid maneuvers from which some of the flight data were obtained. 


Frequency Distribution of Buffeting Response 

An examination of the frequency distribution of the model response 
to buffeting excitation can provide additional information about the 
natiire of the fluctuation measurements. Reference 6 outlines a numerical 
procedure for obtaining the power spectrum corresponding to an experi- 
mental time history. This procedure has been applied to the oscillograph 
records of the bending moment of the left wing of the D- 558 -II model 
obtained at several angles of attack at M = 0.9- The resulting power 
spectra are presented in figure 9 and indicated by the solid curves. The 

power spectral density has units of (Bending moment)2/cps but is plotted 
to an arbitrary scale because the calibration of the oscillograph was 
unknown. Comparable scales are used, however, for the four angles of 
attack. 

The time scale of the records was such that the maximum frequency 
resolvable by the niomerical procediure was 200 cps. Inasmuch as the mea- 
sured natural frequency of the first wing bending mode was 196 cps, the 
frequency analyses should be interpreted with caution. One interesting 
feature of the analysis procediare is that the ordinate of the power spec- 
trum at frequency f represents the simi of the power spectral densities 
actvially existing at the frequencies 2 nfotf where n is zero or any 
positive Integer and Iq is the maximimi resolvable frequency (200 cps 
in this case). Thus, the actxial power spectrum is folded back and forth 
on itself so that it is wholly contained in the frequency range from 0 
to 200 cps. Use was made of this feature to arbitrarily unfold the power 
spectra at frequencies above about I 85 cps so that a more realistic 
appearing resonance peak would occur near I 96 cps. The power spectra so 
adjusted are indicated by the dashed curves in figure 9. The area under 
each spectrum has not been changed by this process and is a measure of 
the square of the standard deviation of the original time history. 

The power spectra for angles of attack of 4.8°, 6.9°^ and 15«5° show 
that almost all of the buffeting response occurred in three sharply defined 
frequency bands with peaks at 0, 77 , and I 96 cps. The peak at 196 cps 
has significantly more area than the others and, of course, represents 
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the response in the first symmetrical wing bending mode. The peak at 
77 cps probably represents the response in the rigid-body rolling mode 
with elastic restraint provided by the sting and balance. The measiired 
natiaral frequency of this mode was 8l cps. 

The response at very low frequencies is not so easily explained. 

It is interesting to note that the spectrum at a = 2.6° which was con- 
sidered below the buffet boundary shows as much very low frequency 
response as that at a = 4.8° even though insignificant buffeting is 
indicated by the lack of response at 77 or 196 cps. The peaks at 60 and 
120 cps undoubtedly resiilt from spijrious pickup of a distorted 60-cps 
signal from the laboratory electrical power wiring. The very low frequency 
response cannot be associated with any structural resonance because the 
lowest frequency structirral mode was of the order of 15 cps. It is prob- 
able that airstream angularity fluctiiations and low-frequency components 
of buffeting as well as stray pickup and distortion occurring during 
recording, reproducing, reading, and analyzing the oscillograph time 
histories contributed to the very low frequency portions of the spectra. 

Before leaving the discussion of the power spectra, consideration 
should be given to the possibility of model response in modes having 
frequencies greater than 200 cps. Because of the aforementioned folding 
characteristic of the frequency-analysis procedure, any significant peak 
above 200 cps in the recorded signal would appear as a peak in the fre- 
quency range covered. Examination of figure 9 shows that, with the pos- 
sible exception of the spectrum for a = 15.5°, the only peaks representing 
appreciable power are the ones previously discussed. A possible explana- 
tion is found in the power spectra of aerodynamic buffeting excitation 
presented in reference 7* These results show that the aerodynamic excita- 
tion falls off rapidly at values of reduced frequency above 0.5 to 1,0. 


Interpretation of Model Buffeting Measurements 

In reference 5, expressions are presented for scaling buffeting loads 
measxired on a wind-tunnel model up to flight conditions. These expres- 
sions were applied in reference 5 to a comparison between measurements of 
buffeting loads on the D-558-H airplane in fli^t and some of the meas- 
virements reported in this paper. The correlation achieved by the scaling 
relations was promising but certain apparently systematic differences 
were evident between the scaled model loads and the flight loads. 

One assiamption used in deriving the scaling expressions of refer- 
ence 5 was that the response to bxiffeting of the airplane structure could 
be treated as thou^ it occurred entirely in the first symmetrical wing 
bending mode. Examination of the frequency distribution of buffeting 
response obtained on several airplanes in flight showed that this assump- 
tion was well Justified. The spectra of the model buffeting response in 
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figure 9, however, show considerable response at very low frequencies 
and also at the frequency of the rigid-body rolling mode which has no 
coimterpart in flight. In view of the additional model response at fre- 
quencies other than that of the first wing bending mode, it is logical 
to expect that the timnel measurements scaled to flight conditions would 
indicate greater buffeting intensity than the corresponding flight meas- 
urements. This expectation was borne out by the comparison given in 
reference 3. 

A second assumption used in deriving the scaling expressions was 
that the structural damping was negligible relative to the aerodynamic 
damping. This assumption also was justified by analysis of buffeting 
measijrements made in fli^t but might possibly be in error for some wind- 
tunnel models. Although the effects of structural damping on the measure- 
ments reported in this paper cannot be isolated, some recent wind-timnel 
buffeting results obtained in the Langley 8-foot transonic pressvire txannel, 
have indicated that the effect of structural danqjing on the intensity of 
buffeting response mi^t have some significance for the particular model 
used in that investigation. Generally speaking, the effect of structural 
damping would become greater as the ratio of model density to air density 
was increased. 

In view of the limitations discussed previously, the measurements 
reported in this paper have not been converted to dimensionless form by 
means of the scaling relations. Consideration of the frequency spectra 
presented and of the type of model construction used, however, leads to 
the belief that the fluctuations of the wing bending moment can be con- 
sidered a qualitative Indication of airplane buffeting loads. 


Effects of Changes in Model Configuration 

Figure 10 presents a comparison of the bioffeting response measiued 
during three test runs in the clean configuration and one test run with 
chord-extensions. Each cvtrve represents a faired average of data obtained 
on the right and left wings. The first two runs with the clean configura- 
tion were made near the beginning of the test program, and the third was 
made after all the store configurations had been tested. The data of 
figures 6, 7, 8, and 9 were obtained from the first run. 

With several exceptions, the resxilts of the three runs with the 
clean configuration are in fairly good agreement. At Mach niombers of 
0.85 and 0.90 considerable disagreement is apparent in a limited angle- 
of-attack range immediately following the initial rapid increase in 
biaffet response. Apparently, the pattern of flow separation was criti- 
cally affected by changes in surface roughness or other minor differences 
in this range of Mach nmber and angle of attack. At a Mach number of 
0.96, the second rm is in serious disagreement with the others at angles 
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of attack greater than 5°- It is possible that the proximity to tunnel 
choking conditions, combined with the effects of humidity and inaccioracy 
in setting tunnel speed, tended to stabilize the shock pattern in this 
particular run. 

The effect of adding chord-extensions was to increase the buffeting 
response at angles of attack well above that for initial buffeting. The 
chord-extensions had very little effect on the angle of attack for initial 
biaffeting or on the Initial rate of increase of buffeting response except 
at a Mach number of O .85 where the rate of increase was considerably 
steepened. 

Inasmuch as the static characteristics obtained with chord-extensions 
were not Included in reference 1, these characteristics are presented in 
figiore 11 for the sake of completeness. 

The buffeting results obtained at two Mach nmbers for the model 
with external stores are presented in figiares 12, 15, and l4 which show 
the effects of store size, store shape, and pylon thickness, respectively. 
Data from the second rim with the clean configuration are included in 
these figures to represent average buffeting response for the clean con- 
figuration at these two Mach numbers. It is apparent that in the positive 
angle-of -attack range the addition of any of the stores to the model 
caused relatively small changes in buffeting response, and these changes 
could be either positive or negative. All the stores, however, produced 
a marked increase in buffeting at the most negative angle of attack tested. 

In view of the relatively small overall effects of store installa- 
tion, a detailed analysis of the effects of changes in store configura- 
tion will not be made. Such an analysis woiild require consideration of 
the changes in frequency and mode shapes of the wing bending mode and 
the rigid-body rolling mode, as well as changes in the aerodynamic 
exc Itation . 

A comparison is presented in figure 15 of the buffeting response 
measiured with two values of horizontal-tail incidence and with the hori- 
zontal tail removed. Essentially identical resvilts were obtained with 
the tail off and with i-^^ = -2^. With i-^ =0°, slightly lower values 
of biaffeting response were generally obtained at the angles of attack 
for which buffeting occurred. Although it is difficult to believe that 
installation of the horizontal tail at zero incidence actually caused a 
decrease in buffeting intensity from the tail-off case, it is probably 
safe to conclude that the amount of tail buffeting sensed by the wing- 
bending-moment strain gages was insignificant. 
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CONCLUDING REMARKS 


Exploratory measurements of the fluctimtion of wing bending moment 
were made d-uring normal performance and stability wind-tunnel tests of 
a model of the Douglas D-558-II research airplane. Measurements were 
made with the model in the clean configuration and with the addition of 
leading-edge chord-extensions and several configurations of external 
stores. The standard deviation, or root-mean-square deviation from the 
mean, of the wing bending moment could be interpreted as a qualitative 
indication of buffeting intensity. (Quantitative use of this parameter 
as an indication of airplane buffeting was limited by model response in 
vibration modes having no counterpart in flight and by possible effects 
of model structural damping. 

The addition of leading-edge chord-extensions caused practically 
no change in the buffet boundary but caused an appreciable increase in 
model buffeting response at angles of attack well above the buffet bound- 
ary. The addition of any of several underwing pylon-mounted external 
stores caused only small changes in model buffeting response at positive 
angles of attack but caused noticeable increases in response at negative 
angles of attack. This comparison mi^t be influenced by the effect of 
store mass on the frequency and shape of the model vibration modes. The 
horizontal tail did not contribute significantly to the buffeting response 
measiared on the wing. 


Langley Aeronautical Laboratory , 

National Advisory Committee for Aeronautics, 
Langley Field, Va., July IT, 1956. 
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Table I 
Store ordinates 
(percent of store length) 


Short - cylinder shape 
■( Stores A , B,C) 


r 



Long - cy I inder shape 
(Store D) 



X 

r 

0 

0 

1.95 

0.95 

4.72 

2.03 

7.5! 

2.88 

10.29 

3.52 

15.85 

4.43 

2L40 

5.04 

26.93 

5.49 

29.73 

5.67 

32.53 

5.80 

35.33 

5.84 

Straight 

line 

49.73 

5.84 

52.53 

5.8! 

55.33 

576 

60.93 

5.5! 

66.40 

5.13 

72.00 

4.63 

77.60 

4.03 

83.20 

3.35 

88.66 

2.63 

93.73 

1.95 

96.00 

1.63 

98.13 

1.28 

100.00 

0 

T.E.R. 

0.56 


X 

r 

0 

0 

III 

1.88 

223 

2.62 

3.35 

3.17 

447 

3.63 

557 

4.0! 

6.7! 

4.35 

8.93 

484 

14.49 

5.79 

1728 

6.07 

20.08 

6.28 

21.43 

6.37 

23.37 

6.40 

25.69 

6.44 

Straight line 

61.47 

6.44 

63.60 

6.40 

64.80 

6.37 

67.07 

6.28 

70.00 

6.07 

72.67 

5.79 

78.40 

4.85 

7920 

4.72 

Straight-line taper 

100.00 

\ ^ 
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TABLE II 

REPRESENTATIVE VALUES OF TEST CONDITIONS 


M 

Ib/sq ft 

Ib/sq ft 

Tt, 

Op 

ft/sec 

R 

0.6o 

1,655 

417 

112 

679 

1.47 X 10^ 

.70 

1,525 

522 

125 

791 

1.57 

.85 

1,315 

665 

135 

950 

1.71 

.90 

1,247 

707 

138 

1,000 

1.75 


1,193 

738 

135 

1,056 

1.78 

.96 

1,166 

755 

128 

1,048 

1.81 
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Wing Geometry 


Airfoil sections (normal to 0.30-chord line] 
Float naCA 63-0/0 

Tip NACA 63- 0/0 


Area ^sq ft o.684 

Root chord , in. 6. 78 

Tip chord, in. 3.83 

Aspect ratio 357 

Taper ratio 0.565 



Figure 1.- Drawing of l/l6-scale model of the Douglas D-558-II airplane. 

(All dimensions in inches.) 
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(a) Clean configuration. 


L-7ij-7i|6 


Figure 2.- Photographs of l/l6-scale model of Douglas D-558-II research 
airplane in the Langley high-speed 7- by 10-foot tunnel. 
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(b) Model with store B and 7.6-percent-thick pylons. 
Figlire 2.- Concluded. 
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Section A- A 

Figure 5.- I«ading-edge chord-extensions and wing bending moment strain- 

gage installation. 
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Figure Drawing of stores tested on l/l 6 -scale model of Douglas 
D-558-II airplauie. (All dimensions in inches.) 
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7!6% thick pylon 

^ straight line 



Section A - A 


X 

y 

X 

y 

0 

0 

Straight line 

LER 

.017 

24! 

.156 

.03! 

032 

2.56 

.155 

.063 

.045 

2.72 

./5i 

.156 

.070 

2.88 

.144 

313 

.096 

3.03 

.i34 

.468 

.114 

3.19 

.121 

.625 

.128 

3.34 

.105 

.782 

.138 

3.66 

.066 

.938 

.146 

3.97 

.02! 

H95 

.152 

4.12 

0 

1.250 

.156 



1.407 

.156 




6.2% thick pylon 


TE. Radius 


vVoOOOO 'CnN 


-I 



-I 


!4 


Straight tine 


Section A -A 

X y 

0 O 

200 .082 

■400 .108 

■600 .122 

■852 .128 

Straight tine 
8195 .128 

4.260 O 

4.120 TER -019 


4.2% thick pylon 


F 


TE. Radius. 
^ ^.!4 


Straight line 


Section A -A 

X 

0 

.200 

.400 

■600 

852 

Straight line 
3.195 
4.260 
4.120 


y 

O 

.058 

.076 

086 

.090 

.090 

0 

TER. =013 


Figvire 5.- Drawing of pylons 
D-558-11 airplane. 


tested on l/l6-scale model of Douglas 
(All dimensions in inches.) 
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Figure 6.- Variation of fluctuations of wing bending moment with angle 
of attack. Clean configuration, i^ = 0°. 
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M 

.96 > 
.94 V 
.90 ^ 
.85 o 
.70 ° 
.60 o 


Figure 7»- Variation of lift coefficient with angle of attack. Clean 
configuration, i^ = 0°. (Data from ref. 1.) 
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I Figure 8 .- Comparison of buffet boundaries determined in the wind tunnel 

and in flight. 
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Figure 9*- Power spectra of wing bending moment. Clean configuration, ro 

i^ =0°, M = 0.90. 
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Angle of attack , a, deg 


Figure 10.- Comparison of fluctuations of wing bending moment meas\ired 
during three test runs in clean configuration and one test run with 
leading-edge chord-extensions, i-^ =0°. 
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-4 
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M 

.96 

.94 

.90 

.85 

.70 

.60 


-.6 -4 -2 O .2 4 .6 .8 LO L2 

Lift coef f icient , C^_ 


(a) a against Cj^* 

Figure 11.- Static aerodynamic characteristics of l/l6-scale model of 

Douglas D-55S-II airplane with leading-edge chord-extensions, i^ = 0°. 


CONFIDENTIAL 



28 


CONFIDENTIAL 


NACA EM L56G3I 


o 


I 

0 ) 


o 


O 





CL 



L iff coe ffi dent , Cl 


(b) Cm eigainst Cj^. 
Figure 11 .- Continued. 


CONFIDENTIAL 



Drag coefficient 


NACA RM L56G51 


CONFIDENTIAL 


29 



M 

.85 
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(c) Cj) against Cl* 


Figure 11.- Continued. 
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(c) Concluded. 
Figure 11 .- Concluded. 
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-8 -4 0 4 8 12 16 20 

Angle of at tack, a, deg 

Figure 12.- Effect of store size on variation of fluctuations of wing 

bending moment with angle of attack. 7.6-percent-thick pylons, i.^. = 0°. 
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Figure 15 .- Effect of store shape on variation of fluctuations of wing 

bending moment with angle of attack. 7. 6-percent -thick pylons, it = 0°. 
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-6 -4 0 4 8 12 16 20 

Angle of aftock,a,deg 

Figure l4.- Effect of pylon thickness on the variation of fluctuations 

of wing bending moment with angle of attack. Store A, i-^ = 0°. ^ 
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Figxire 15 •- Effect of horizontal tail on variation of fluctuations of 
wing bending moment with angle of attack. Store A and 7* 6-percent- 
thick pylons. 
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